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FOREWORD 

This report  is submitted i n  compliance with Phase 11, Task 5 (Reports) 
of Exhibi t  "A", Scope of Work, dated 06-29-72 f o r  Contract NM8-27161. 

Phase I1 of the Contract cons i s t s  of f i v e  Tasks: 

Task 1: T e s t  Environment and Model Defini t ion;  

Task 2: Model Design and Fabricat ion;  

Task 3: Ablator T e s t  and Evaluation; 

Task 4: Conference Requirement; 

Task 5 : Reports; 

This repor t  documents the  s tud ies  performed under Task 2: 
and Fabrication. 

Model Design 

. 
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The objec t ives  of t h i s  study were t o  e s t a b l i s h  the  f e a s i b i l i t y  of 
u t i l i z i n g  a b l a t i v e  o r  metallic hea t  sh i e lds  f o r  aerobraking r een t ry  and 
t o  a s c e r t a i n  r e a l i s t i c  a b l a t i v e  hea t  sh i e ld  weights and design c r i t e r i a  
f o r  both a b l a t i v e  and metallic hea t  shields.  

ft-diameter c y l i n d r i c a l  body en t ry  confiqpration with a 2 : l  e l l i p t i c a l  
dome. 
aerobraking t r a j e c t o r y  pertained t o  the Ckansfer of the  vehic le  from a 
geosynchronous o r b i t  t o  t he  o r b i t  of the Space Shut t le .  Aerobraking 
t r a j e c t o r i e s  involving two perigee passes and 30 perigee passes were 
inves t iga ted  . 

The a b l a t i v e  and uetal l ic  hea t  shieldk were f o r  app l i ca t ion  t o  a 14 

The Both a low drag and a high drag cdhfiguration w e r e  studied. 

I n  the  performance of Task 2, "Model Design and Fabrication", t h e  
following was accomplished: 

1. 

2. 

3. 

4. 

Flat-faced,-2-1/2-inch and 8-inch diameter ab la t ion  test  models 
were designed. The ab la to r s  were supported by a honeycomb re in-  
forcement and were bonded d i r e c t l y  t o  an aluminum subs t ra te .  
Thermocouple instrumentation f o r  the  ab la to r  models w a s  defined. 

Five-inch diameter metallic plasma a r c  test models were designed 
and d e t a i l  drawings were prepared. Thermocouple instrumentation 
was defined f o r  columbium and Haynes-188 models. 

Twelve a b l a t m  test models were fabr ica ted  and in s t runmted .  

Six Haynes-188 models were fabr ica ted  from sheet stock supplied 
by MSFC and instrumented w i t h  chromel-alumel thermocouples. six 
columbium models were fabr ica ted  by MSFC. They w e r e  inspected 
by Martin Marietta, coated with R512-E and instrumented with 
platinum-rhodium thermocouples. A model holder fo r  the  metallic 
hea t  sh i e ld  specimens w a s  designed. 

\ 

c -  

Ablator models were designed as f l a t - f aced  cy l inders  f o r  splash 
tes t ing .  For two pass e n t r y  simulation, a model diameter of 2-1/2 ;rich 
w a s  s e l ec t ed  as cons i s t en t  with the  three-inch diameter plasma 'stream. 
Th i r ty  pass en t ry  simulation w a s  t o  be conducted i n  a ten-inch diameter 
stream and an 8-inch model diameter was therefore  chosen. A l l  ab l a to r s  
were supported by a glass-phenolic honeycomb core. The honeycomb w a s  a 

' 
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Martin Marietta-deve3oped two-directional bending core with a nominal 
dens i ty  of 2.3 l b / f t  . 
cated by using a v ibra t ion /pressure  technique t o  press the  honeycomb i n t o  
the  uncured ab la tor .  
a peak temperature of 300°F. 
rough c u t  from the  s l abs  and machined t o  f i n a l  diameter and thickness. 
0.156 in. aluminum, representa t ive  of t he  equivalent thickness of t he  
aluminum backup s t r u c t u r e  a t  t he  s tagnat ion  poin t ,  was bonded t o  the  
a b l a t o r  backface with a Martin Marietta s i l i c o n e  adhesive. 

Honeycomb-reinforced a b l a t o r  s l a b s  were f a b r i -  

The ab la to r s  were then bagged and vacuum cured a t  
The c y l i n d r i c a l  ab la to r  specimens were 

The model conf igura t ion  f o r  two pass t e s t i n g  i s  shown i n  Figure 1. 
Ablators s e l ec t ed  f o r  low drag en t ry  simulation were ESA 5500 (two 
models) and ESA 3560. For high drag en t ry  simulation, ESA 3560 (two 
models) and SLA-561 were selected.  Ablator thicknesses l i s t e d  i n  Table 
1 are those ca lcu la ted  f o r  a 300°F backface (aluminum) temperature a t  
the  s tagnat ion  point.  However, the  as - fabr ica ted  he ight  of the  ESA 5500 
ab la to r  was  2.03 r a t h e r  than 2.08 inch. 
Platinum-Pt-13% Rh, Chromel-Alumel, and Iron-Constantan thermocouples as 
defined in Table 1. P t  vs Pt-13% Rh thermocouples were connected to  
copper extension w i r e  inmediately a f t  of the aluminum stud. 
phery of t he  models was  wrapped with f ibe rg la s s  tape t o  i n s u l a t e  t h e  
aluminum backface and t o  prevent ab la to r  l o s s  from the  open honeycomb 
cells. A 3X enlarged view 
of t h e  a b l a t o r  sur faces  are shown i n  Figures 3 through 8. 

Specimens were instrumented with 

The p e r i -  

The a b l a t o r  models are shown i n  Figure 2. 

The model conf igura t ion  f o r  t h i r t y  pass t e s t i n g  i s  shown i n  Figure 9. 
Ablators s e l ec t ed  f o r  entry simulation (high drag configuration) were 
ESA 3560 (four models) and SLA-561 (two models). Ablator thicknesses 
l i s t e d  i n  Table 2 are approximately 5 percent g r e a t e r  than thicknesses 
ca lcu la ted  f o r  a 300°F aluminum temperature. 
added as a s a f e t y  fac tor .  Specimens were instrumented with Chromel- 
A l u m e l  and Iron-Constantan thermocouples as defined i n  Table 2. The 
periphery of the  models w a s  wrapped w i t h  fiberglass tape. The ablator 
models are shown i n  Figures 10 through 15. 

The e x t r a  a b l a t o r  w a s  

The metallic h e a t  sh i e ld  models were designed as five-inch diameter 
f l a t - f aced  specimens f o r  splash t e s t ing .  To p r o t e c t  and s t i f f e n  t h e  
vulnerable edges, the peripheryowas bent 90 degrees with a 1/4-inch 
radius. Three' l egs ,  spaced 120 apa r t ,  were welded t o  edge tabs  f o r  
model attachment. The Haynes-188 model conf igura t ion  is shown i n  Figure 
16. 
The specimen is preoxidized t o  obta in  a uniform, high emiss iv i ty  surface. 
The FS-85 columbium a l l o y  model is shown i n  Figure 17. 

The cap is made from 29 m i l  shee t  and the  l egs  from 15 m i l  sheet. 

The cap is made 
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from 25 m i l  sheet and the  legs  from 20 m i l  sheet. The columbium models 
were coated wi th  R-512E s i l i c i d e  (HiTeuCo - De Wiant Corp., Hicksvi l le ,  
New York) f o r  ox ida t ion  protection. 

Thermocouple instrumentation i s  defined i n  Figure 18. Eight t h e r m -  
couples are loca ted  t o  measure s tagnat ion  poin t  temperature as w e l l  as 
the  r a d i a l  and c i rcumferent ia l  temperature d i s t r i b u t i o n  and the  temper- 
a t u r e  of t he  leg,  
thermocouples which are attached t o  the  inner  surface by tack welding. 
The columbium models requi re  Platinum vs  Platinum-13% Rhodium thermo- 
couples. 
i n  t u rn  i s  attached t o  t h e  coated inner  sur face  with a ceramic cement. 

Haynes-188 models are instrumented with Chromel-Alumel 

The thermocouples are tack welded t o  5 m i l  rhodium f o i l  which 

Test i n s t a l l a t i o n  f o r  t h e  me ta l l i c  plasma arc models is  shown i n  
The models are bol ted  t o  a reinforced p l a s t i c  base p l a t e  Figure 19. 

with 1/4-inch s t a i n l e s s  steel b o l t s ,  nu ts  and washers. 
model cap and base p l a t e  is f i l l e d  with f ibrous  insu la t ion .  

The space between 

Six Haps-188 plasma arc models were fab r i ca t ed  i n  accordance with 
Drawing No. 1630-72-026 (Figure 16),  except t h a t  t he  l egs  were spot 
welded r a t h e r  than seam welded t o  the  tabs. Supe r f i c i a l  hardness tests 
were conducted on the  "as received" HS 188 material and an average Rock- 
w e l l  reading of  A-56 t o  A-59 was  recorded. This condition is  considered 
adequate f o r  "deep draw" forming of Haynes-188. Fabr ica t ion  procedures 
are summarized below. 

A deep draw forming d i e  was fabr ica ted  from 6061-T651 aluminum 
a l l o y  (Figure 20). The f i n i s h  d i e  working surfaces w e r e  "hard coat" 
anodized t o  prevent damage t o  t h e  d i e  and the  model d e t a i l s  during 
the  "deep draw" forming opera t ion  (Figure 21). Model cap material 
(0.0295-inch t h i c k  HS 188) was sheared i n t o  8-inch x 8-inch squares 
f o r  forming. The squares were then clamped i n  the  forming die. The 
punch was  i n se r t ed  on top of the  HS 188 material and forced down through 
the  form d i e  using a 100 ton  Dake hydraulic press. This e s s e n t i a l l y  
draws the  material around the punch nose and down through the  d i e  body 
(Figure 22). The upper and lower sec t ions  of t h e  forming d i e  maintain 
a high clamping fo rce  aga ins t  the  HS 188 material, allowing t h e  material 
t o  draw-in during the  forming operation but  preventing o r  e l imina t ing  
per iphera l  buckling i n  the  HS 188 material (Figure 23). IS-122 f luoro-  
carbon release agent/dry lub r i can t  was used during forming t o  prevent 
ga l l ing .  

* 
Theoformed caps (Figure 24) were vacuum furnace so lu t ion  annealed 

a t  2150 F f o r  30 minutes t o  r e l i e v e  the  cold worked condition r e s u l t i n g  
from the  forming operation. Following the  so lu t ion  anneal, the  caps 
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were l a i d  out  f o r  l e g  loca t ions  and cap depth. Excess material w a s  
trinrmed by sawing and the  f i n a l  f i n i s h  of t h e  caps w a s  obtained by 
grinding and hand f i l i n g .  

The leg  d e t a i l s  were l a i d  out and sheared t o  s ize .  The 90° angle 
was  formed using a conventional a i r  brake forming process. Mounting 
holes were d r i l l e d  i n  the l eg  d e t a i l s  using high speed d r i l l s  with 
spec ia l  sheet metal points.  A l l  HS 188 d e t a i l s  were chemically cleaned 
i n  prepara t ion  f o r  welding. 

A spec ia l  pos i t ion ing  f i x t u r e  (Figure 25) w a s  fabr ica ted  f o r  loca- 
t i n g  the  legs  i n  the  proper plane and r a d i a l  pos i t i on  f o r  jo in ing  t o  
the  cap. 
welded using the ScYaky 100 KVA spot welding machine. 
made on each l e g  t o  a t t ach  it  t o  the  cap. 

r e s u l t s  of t h e  tensile test  specimens (see Figure 26): 

Details were assembled t o  the  f i x t u r e  and r e s i s t ance  spot 
Two welds were 

Preproduction weld samples 
The following are the  and one post-production weld sample were made. 

Specimen 
Number 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

11 

12 

Number of 
Welds 

1 

1 

2 

2 

3 

3 

2 

2. 
2 

2 

2 

2 

Lo ad 
( lb s )  

600 
600 
860 
970 

1030 ~ 

1130 

8 20 

900 

770 

900 

800 

850 

Location of Fa i lu re  

Heat a f fec ted  zone 

Heat a f f ec t ed  zone 

Parent material 

Heat a f f ec t ed  zone i n  
.015" 

Heat a f f ec t ed  zone i n  
.015" 

Heat a f f ec t ed  zone i n  . 0 15" 
Parent . 015" material 

Parent .015" material 

Parent ,015" material 

Parent .015" material 

Parent .015" mate r i a l  

Weld Nugget Fa i lu re  

Sample No. 12 w a s  t h e  post-production r e s i s t ance  weld sample. A l l  
samples w e r e  made from material thickness combinations representa t ive  

. of 'the productiort article. 

Following the welding opera t ion  the e n t i r e  inner  and ou te r  sur faces  
of the  model were vapor honed using the Pangborn b l a s t  cleaning system. 
Assemblies were then water rinsed, vapor degreased, submerged i n  Oakite 
90 f o r  10 minutes, demineralized, water rinsed, and baked dry a t  200 F. 
The cleaned models are shown i n  Figure 27. 
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The f i n a l  manufacturing operat ion was t o  preoxide coa t  the  models. 
An atmosphere furnace capable of reaching b900°F w a s  employed f o r  t h i s  
purpose. 
were loaded i n  the  furnace a t  1000 F. Temperature was then increased 
t o  1900°F and held f o r  30 minutes. The models w e r e  removed from the  
furnace and rapid air-cooled t o  room temperature. Models a f t e r  pre- 
oxidat ion are shown i n  Figures 28, 29 and 30. 

The furnace was elevatedoto 1000 F (no load). The models 

The s i x  models were instrumented with Chromel-Alumel thermocouples 
i n  accordance with Drawing No. 1630-72-020 (Figure 18). A view of an 
instrumented model i s  shown i n  Figure 31. 

FS 85 columbium a l l o y  models were furnished a s  GFP articles by the  
George C. Marshall Space F l igh t  Center. The specimens conformed t o  
Drawing 1630-72-025 (Figure 17) except t h a t  the  legs  were b u t t  welded 
t o  the tabs  and the  cap was  s l i g h t l y  dome shaped. 
models were weighed and measured upon r ece ip t  and inspected v i s u a l l y  
and dimensionally. 
and in  Figures 34 through 42. 
The major anomalies found were a blueish d i sco lo ra t ion  a t  t he  tab-to-leg 
welds which appears t o  be the  hea t  a f fec ted  a rea ,  t oo l  marks on the t abs  
and an indenta t ion  on the  cap of Model No. 3. Results of the dimensional 
inspect ion a r e  sumnarized i n  Table 4. The cap ou t -o f - f l a t  condi t ion 
v a r i e s  from .014 t o  .045 inch from the cap center  t o  the edge. 

The as-received 

The v i s u a l  inspect ion is documented i n  Table 3 
Edges w e r e  su i t ab ly  rounded for coating. 
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MATERIALS TEST REPORT 

QUALITY CONTROL LABORATORlES 
10 

12 /21 /  7 2  D A T E  ________ ___-__- 
CUSTOMER-. 0625-203159-09500-02000 .--.- - 

E. Ptacht X2130 rROM,. _-__ 
--_. .- P. 0. NUMbEA.-.-------.--..-. . .. - 

SPEC. NU MI)€ R- . - -. . _-._ - - - 
DEsCR,F.T,ON 6 Columbim . ~ Plasma Arc Test Spec hens. -_ .. __ 

-. . .___ . . Dimensional - - . . . Inspection - . - - __. prior. - - . . - - tu-C.,ating . .. .- -. . - - - - -. . . .. -_. - ~ - . _ -  .. 
_iL_ 

ACTUAL DIMENSIONS AS TAKEN FROM PARTS 

B/P Dimensions Plasmii Arc Test Specimens 

5.00 dia. 

.75 

.25 

. 7 5  

2.00 

.50 

Y '  

i t ?  

m 

' .  

4.950 4.950 4.950 4.9hO 4.965 4.96:) 

5.00 4.390 4,990 5.005 4.99') G. 931' 

.82 .735 .725 . 725 . 7 L O  * rL5 

.755 .750 .755 ,745 . i s 0  

.23 .235 .25  .225 .27  . 2 4  

. 7 3 5  . 7.15 . 7 3 5  .745 .73 . . I +  
7 1  

2.050 1.990 2.070 ,?.hi0 2.06, , 1 . 9 % ~  

.60 .65 .60 .70 . ;o . ;c 

Out of f l a t  condition (from .045 -020 

.020 center to two opposite edges) 
Varies from .014" t o  .045" from 
center to edge. Specimens 4 j 3 ,  4 
and 6 not measured. 

.OIS 

Dimensional Tolerances: 
.xx - +. 03 
.XXX - +.010 

.040 

.Q35  

A Table 4 - Dimensional Inspection of FS 85 Columbium Models 
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Figure 34 - Gouges on Oute r  C a p  Surface - Columbium Model No. 1 
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Figure . 1 
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Figure 37 - Discoloration on Inner S u r f A c e  of Cap Radius, Tab and Leg - 
Columbium Model No. 2 
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Figure 40 - Variable Tab Weld Penetration - CoLunbium Model No. 4 
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Figure 41 - Nicks on Inner Cap Surface - Columbium Model No. 5. 

Figure 42 -- Scratches on Inner Cap Surface - Columbium Model No. 6 


